
Physics 137B (Professor Shapiro) Spring 2010

GSI: Tom Griffin

Homework 11 Solutions

1. (a)

dσ

dΩ
= |f(θ)|2

= |a+ b cos θ|2

= |a|2 + 2Re(ab) cos θ + |b|2 cos2 θ

σ =

∫
dΩ(|a|2 + 2Re(ab) cos θ + |b|2 cos2 θ)

= 2π

∫ 1

−1

d(cos θ)(|a|2 + 2Re(ab) cos θ + |b|2 cos2 θ)

= 4π(|a|2 + |b|2/3)

(b) The wavefunction must be symmetric under interchange of the two par-
ticles (i.e. θ → (π − θ)), so

dσ

dΩ
= |f(θ) + f(π − θ)|2

= |a+ b cos θ + a+ b cos(π − θ)|2

= 4|a|2

σ =

∫
dΩ(4|a|2)

= 16π|a|2

(c) We must average over the four possible orthogonal initial states in an
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unpolarized beam (three triplet states and one singlet state).

dσ

dΩ
=

3

4
|f(θ)− f(π − θ)|2 +

1

4
|f(θ) + f(π − θ)|2

=
3

4
|2b cos θ|2 +

1

4
|2a|2

= 3|b|2 cos2 θ + |a|2

σ =

∫
dΩ(3|b|2 cos2 θ + |a|2)

= 2π

∫ 1

−1

d(cos θ)(3|b|2 cos2 θ + |a|2)

= 4π(|a|2 + |b|2)

(d) Both spins are +1/2, so the particles are in the triplet state.

dσ

dΩ
= |f(θ)− f(π − θ)|2

= |2b cos θ|2

= 4|b|2 cos2 θ

σ =

∫
dΩ(4|b|2 cos2 θ)

= 2π

∫ 1

−1

d(cos θ)(4|b|2 cos2 θ)

= 16π|b|2/3

2. The scattering cross-section in the Born approximation for any process (elas-
tic or inelastic) is given by:

dσ

dΩ
= (

m

2πh̄2
)2
kf
ki
|Veff (q)|2

where Veff (q) = L3 < f |V |i >, ~q = ~kf − ~ki and kf is always such that energy
is conserved.

(a) |i >= |ki > | ↑> |0 > where |ki >=
eiki·r
√
L3

and |f >= |kf > | ↑> |0 >

where |kf >=
eikf ·r
√
L3

.
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Veff (q) = L3 < f |V |i >
= L3 < kf | <↑ | < 0|2K

∑
j

δ(~r − ~rj)~S · ~Sj|ki > | ↑> |0 >

= 2KL3
∑
j

< kf |δ(~r − ~rj)|ki ><↑ |~S| ↑> · < 0| ~Sj|0 >

= 2K
∑
j

∫
d3~re−i~q·~rδ(~r − ~rj) <↑ |~S| ↑> · < 0| ~Sj|0 >

= 2K
∑
j

e−i~q·~rj(
h̄

2
ẑ· < 0| ~Sj|0 >

= Kh̄
∑
j

e−i~q·~rj < 0|Sjz|0 >

and kf = ki, so:

dσ

dΩ
= (

m

2πh̄2
)2|Kh̄

∑
j

e−i~q·~rj < 0|Sjz|0 > |2

(b) |i >= |ki > | ↑> |0 > where |ki >=
ei

~ki·~r
√
L3

and |f >= |kf > | ↓> |1 >

where |kf >=
eikf ·r
√
L3

.

Veff (q) = L3 < f |V |i >
= L3 < kf | <↓ | < 1|2K

∑
j

δ(~r − ~rj)~S · ~Sj|ki > | ↑> |0 >

= 2KL3
∑
j

< kf |δ(~r − ~rj)|ki ><↓ |~S| ↑> · < 1| ~Sj|0 >

= 2K
∑
j

∫
d3~re−i~q·~rδ(~r − ~rj) <↓ |~S| ↑> · < 1| ~Sj|0 >

= 2K
∑
j

e−i~q·~rj(
h̄

2
(x̂+ iŷ)· < 1| ~Sj|0 >

= Kh̄
∑
j

e−i~q·~rj < 0|Sj+|0 >
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where Sj+ := Sjx + iSjy and kf =
√
k2i − 2m∆/h̄2, with ∆ := E1 −E0.

So:

dσ

dΩ
= (

m

2πh̄2
)2

√
k2i − 2m∆/h̄2

ki
|Kh̄

∑
j

e−i~q·~rj < 0|Sj+|0 > |2
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